The combined method of Jones-Mueller matrix mapping and blood plasma films analysis based on the system that proposed in this paper. Based on the obtained data about the structure and state of blood plasma samples the diagnostic conclusions can be make about the state of breast cancer patients ("normal" or "pathology"). Then, by using the statistical analysis obtain statistical and correlational moments for every coordinate distributions; these indicators are served as diagnostic criterias. The final step is to comparing results and choosing the most effective diagnostic indicators. The paper presents the results of Mueller-Jones matrix mapping of optically thin (attenuation coefficient 0,1
INTRODUCTION
Nowadays, there is an acute problem related with a high level of women's morbidity of breast pathology (malignant and benign neoplasms). Due to the complexity of their timely detection (especially at the early stage of the disease), it is important to develop methods and technologies for early diagnosis of breast pathologies.
With the latest laser polarimetry methods used for the diagnosis of optical-anisotropic objects, it is possible to obtain fundamentally new results on the structure and condition of such objects, including blood plasma [1] [2] [3] [4] . Such methods have found their application in systems of rapid diagnosis and monitoring of the status of biological objects [5] [6] [7] [8] [9] . New potential opportunities provide previously developed methods of Mueller-matrix and Jones-matrix mapping of blood plasma [12] [13] and methods of polarization-phase reconstruction of the parameters of optical anisotropy of the biological layer structure [14] [15] [16] [17] . The application of these methods allows us to evaluate the state of individual organs by determining the appropriate state of blood plasma or biological tissue. But all the possibilities of Jones polarimetry and Muller polarimetry in the problems of classification and differentiation of biological fluids (including for the identification of the state a human mammary gland) have not been fully researched. Therefore, there is a need to find additional diagnostic criteria and, accordingly, to determine the informative criteria in order to get rid of excess information and unnecessary computations.
The purpose of this paper is an experimental research of the potential possibilities of combined multiparameter method of Mueller-Jones-matrix polarimetry of the optically thin (attenuation coefficient 0,1
 
) blood plasma samples for diagnosis of breast pathology using statistical analysis (definition and analysis of the statistical moments of 1 st -4 th orders) obtained polarization images of blood plasma.
MAIN ANALYTICAL RELATIONS
The analysis of the results presented in the paper is based on the fundamental concepts developed for the description of an optically anisotropic blood plasma [12] [13] .
* kostia.radchenko@gmail.com  the film of human blood plasma is considered as a two-component amorphous-crystalline structure;  crystal component is formed by the complex (network) of crystals of albumin and globulin;  optically liquid crystals of amino acids have the properties of optically uniaxial birefringent crystals, which are characterized by a Jones-matrix operator of the following form: 
here  ─ is the direction of the optical axis determined by the direction of birefringent fibril packing; 2 nd 
where ik R -real component of Jones-matrix elements; ik  -phase angles.
The real "orientation"   
The relations (3), (4), which are determined by the combination of phase angles, are called the imaginary parts of the "orientation" 11;22
 and "phase" 12;21  elements, which also characterize manifestations of the orientational  and phase  structure of the blood plasma crystal ensemble structure.
The further study of human blood plasma films by the combined Muller-Jones matrix method is to sequentially measure the "orientation" and "phase" distributions of the corresponding elements of the Mueller and Jones matrix for each sample. Then the statistical processing of the received polarization maps is carried out. The final stage is a comparative analysis of the results of the corresponding "orientation" and "phase" distributions.
MUELLER-JONES-MATRIX MAPPING OF THE OPTICAL-ANISOTROPIC BLOOD PLASMA FILMS AND ITS IMPLEMENTATION IN THE SYSTEM OF 2D LASER POLARIMETRY
Mueller-Jones-matrix mapping is considered to be a set of experimental steps for the measuring coordinate distributions of Mueller-matrix and Jones-matrix (real and imaginary components) element totality with the subsequent analytical (statistical) algorithmic analysis of obtained data arrays in order to determine the diagnostics criteria (interconnections) and differentiate the parameters of anisotropy of blood plasma films. Muller-Jones-matrix mapping algorithm is implemented on the existing architecture of the universal automated system of two-dimensional polarimetry shown in Fig. 1 
.
Proc. of SPIE Vol. 10407 1040714-3 The system consists of a semiconductor laser 1 with λ=0,638 wavelength, collimator 2, quarter-wave plates 41, 42, 43, a linear polarizer 51 and an analyzer 52; optical-anisotropic layer of object 6, projection block 7, a CCD-based (chargecoupled device) camera 9, connected to the computer 10; special microcontroller control block 11, engine drivers 121-125, positioning control of engines 131-135, positional sensors 141-144, decision support block 15 . More details about the operation of this system are described in past works 12, 17 . It is worth noting that this system is universal, which made possible to adapt it to the combined method of Muller-Jones matrix mapping of the studied samples of blood plasma by changing the algorithm of functioning of the system in 11 and the software algorithm in 10. No needs didn't arise in the additional material base and any improvements to the architecture of the system.
Mueller-matrix elements of biological layer are determined by the following algorithm 10, 13 . Biological layer 6 is consistently irradiated by laser light beams of four different polarization types with azimuths α of 0  90  21  2  2  0  90  22  2  2  45  23  2  21   24  2  21 0, 5( ); 0, 5( ); ; ; 0  90  31  3  3  0  90  32  3  3  45  33  3  31   34  3 
Algorithm of the Jones matrix mapping of blood plasma films consist in experimental determining the real ik R and imaginary ik  component of the Jones matrix. By successively changing the values of the light streams of laser radiation 1 in a system formed by orientation combinations of the polarization components of the system, a series of ten polarization images of the human blood plasma sample is obtained.
In fact, the whole process of measurement is reduced to determining the value of the intensity n I of the laser beam falling into the corresponding pixel of the camera 9 CCD matrix. Further, on the basis of the obtained values of intensities, with the help of the specialized software complex in 10 the corresponding values of the real and imaginary component of the Jones matrix are calculated and, respectively, the resulting Jones matrix is formed 4 .
STATISTICS PARAMETERS OF MUELLER-JONES-MATRIX BLOOD PLASMA IMAGES
To estimate the distributions ,
quantitatively their quantitative estimation is introduced on the basis of the definition of a set of their statistical moments of the 1 st -4 th orders [14] [15] [16] [17] : 
RESULTS AND DISCUSSION
Two samples of blood plasma taken from a patient with healthy breast and adenoma were selected for the study.
Blood plasma specimens were prepared under the following conditions: a drop of blood plasma from the pipette was applied to a plate of optically homogeneous glass so that the plasma spread evenly over the glass surface. The resulting film was dried at room temperature for 24 hours.
The results of the study are presented in the form of coordinate distributions of two groups of elements: the "orientation" The comparative analysis of the obtained data shows that:
• Mueller-matrix: the most sensitive to the "orientation" and "phase" changes was the 3 rd statistical moment. The differences between "norma" and "adenoma" lie in the range from 1,5 to 50 times.
• Jones-matrix (real component): The most sensitive to the "orientation" and "phase" changes were the 2 nd and 3 rd statistical moments. The differences between "norma" and "adenoma" lie in the range from 2,76 to 4,8 times ( ) and 7 times ( ).
• Jones-matrix (imaginary component): the most sensitive to the "orientation" and "phase" changes were the 1 st and 3 rd statistical moments. The differences between "norma" and "pathology" lie in the range from 3,9 to 7 times ( ) and from 1,4 to 2,14 times ( ). Table 4 presents the results of comparing the changes in the "phase" and "orientational" parameters of the elements of the Mueller and Jones matrix of blood plasma for the "norm" and "adenoma" in the corresponding statistical moments. Table 4 . Results of the changes comparison in the corresponding statistical moments of "phase" and "orientational" parameters of the Mueller and Jones matrices elements.
In the analysis of the obtained data, it is clear that the 3 rd statistical moment showed the greatest sensitivity to the "orientational" and "phase" changes, and the smallest is the 2 nd statistical moment, therefore, in the diagnosis of the breast adenoma, it would be expedient to analyze the 3 rd and, in addition, the 1 st statistical moment.
CONCLUSIONS
Further development of non-invasive operational methods of polarization mapping of optically thin films of human blood plasma has been found in the evaluation of the physiological state of the breast. Due to the definition in the complex of the Mueller matrix and the Jones matrix elements of human blood plasma films and their subsequent statistical analysis with the help of the automated system of two-dimensional laser polarimetry the tendencies of the change of the statistical parameters of the "orientation" and "phase" matrix elements due to the physiological states "norm" and "fibroadenoma" of the breast were determined. The identified trends will be the basis for selecting the most informative features for the system of automated decision support in the detection of inflammatory processes in the breast.
